Climate change impacts in terms of high temperatures pose a formidable challenge for buildings in small-island economies like Mauritius. Heat-island effect, reduced green cover and increasing dependency on fossil fuels for powering air-conditioning, in spite of the availability of local renewable energy sources, have characterized the relatively fast economic development of Mauritius over the past decades. With a very high population density of 617 inhabitants per km 2 and 1 million tourists arriving annually in a land area of only 2040 km 2 , the sustainability of buildings in Mauritius is a critical issue. This paper focuses on Energy Management as a holistic tool to achieve sustainability in buildings. Reforms are analyzed in terms of institutional and regulatory framework towards supporting sustainability through Energy Management. The particular case of air-conditioning in buildings is considered, and how it can be avoided, in the context of hot humid climates through natural ventilation.
Introduction
Energy Management (EM) is here defined as a systematic (and systemic) endeavor through engineering and management techniques to optimize the use of energy for specific political, economic and/or environmental objectives. [1] As such it can be a vehicle par excellence to promote sustainable energy in the form of energy efficiency and renewable energy. Thus, EM is a powerful tool towards addressing the climate change challenge. [2] Small-island developing states (SIDS) are particularly vulnerable to climate-change impacts in terms of higher average temperature, extreme events like heat waves and cyclones, sea-level rise as well as flash-floods. [3] Their communities are already facing significant amount of suffering related to an observed increase of 0.85 o C in average temperature above preindustrial levels. [4] Yet, SIDS are the least responsible nations for global warming, producing only 0.02% of the emissions of industrialized nations. [5] Besides, they face a dire need to attain development goals whilst being dependent on fossil fuel imports and being limited in terms of resources like land availability and, hence, building space. Climate change threatens the achievement of goals identified under the Mauritius Strategy related to the sustainable development of SIDS. [6] Twelve out of the 52 SIDS list among the Least Developed Countries (LDC). [7] Relying on tourism in many cases, sustainability of SIDS is a necessity to maintain their attractiveness as an exotic destination, not to mention the inherent vulnerability of their ecosystems. The likelihood to avoid catastrophic global warming in excess of 1.5 or 2 o C above pre-industrial level seems now to be "irrevocably" lost in view of the lack of urgent and critical action against climate change. [8] Whilst mitigation can help reduce the extent of the pending climate change crisis, adaptation should now be an essential part of any development strategy.
Climate Change and Buildings
Human settlements, including buildings and infrastructure are potentially at risk as a result of climate change. [9] Referring to SIDS in the East Caribbean Basin, it is reported that a lack of institutional, regulatory and financial packages prevent developer, designers, and contractors from building safer and less vulnerable structures. This trend is worsened by a low public perception of risk and vulnerability to climate variability and change in many countries. [10] In the Pacific and Indian Ocean oceans, villages are located on the sand terrace or on the beach itself, and in the Caribbean more than half of the population lives within 1.5 km of the shoreline. [11] In Mauritius, but also in Jamaica and Barbados, continuous corridors of development now occupy much prime coastal lands. These are often areas of high temperature and high relative humidity. Population growth is reported to add pressure on coastal settlements in terms of housing, not to mention heat-island effect. In many SIDS, traditional housing styles, techniques and materials had ensured that buildings were resistant to damage or islanders could repair buildings quickly. Many of these traditional practices are being abandoned today, increasing the vulnerability of coastal settlements. [12] Among the recommended adaptation measures to climate change related to impacts on infrastructure and settlements are 'providing for the scientific and engineering services required to assess vulnerabilities and define priorities, then retrofitting buildings; producing design and construction guidelines and applying them in pilot investments'. [13] Mauritius has been cited as an example of "Wise Practices" for coping with Climate Change in Mauritius. [14] While this project has involved the local community in investigating, planning, preparing and implementing an adaptation plan in selected coastal villages (with a focus on the more immediate impacts such as extreme weather), the building sector has not been addressed specifically. With reference to the state of buildings in Mauritius, the following issues require urgent consideration:
Average temperature has risen by 0.74 o C when compared to the 1961-1990 mean. An increase in the annual number of hot days and warm nights. Increase in the frequency of extreme weather events, heavy rains and storms. More frequent heat waves in summer. Increasing frequency of heat spells, giving rise to cardiovascular and pulmonary complications. [15] A training of road and building engineers as well as architects on building climate change resilience was organized in August 2012, but appropriate design codes and specifications for buildings have not yet been defined. Mauritius is even reckoned as more vulnerable in the Indian Ocean than Madagascar, Seychelles and Comoros in terms of impacts on buildings and infrastructure. There is a particular need to reckon heat stress in buildings, energy efficiency, materials selection, elevation of construction specific to the Mauritian context. [16] This paper aims at filling the above gap by providing relevant orientations and concrete recommendations in term of measures that should be taken.
Context
Before 1970, there were only 25 523 concrete buildings in Mauritius. In 2011, that figure had increased ten-fold. [17] Also, whilst 62% buildings were in urban areas before 1970, today there are only 46% buildings in the towns which are all but one located in the cooler Central Plateau region. [18] Along with the number of concrete buildings, a noteworthy increase also occurred in the floor area constructed over the last years, particularly for commercial purposes. For instance, in 2009, a record area of 536 112 m 2 was noted. [19] However, only 20% of buildings are designed with recourse to professional architects. There is inadequate bioclimatic design and consideration of materials for optimal conditions. Absence of guidelines and incentives as well as trained personnel at the level of local authorities, for example, have been advanced as obstacles to sustainable building engineering in the Mauritian context . [20] Electricity is consumed for the mechanical ventilation and air-conditioning of building envelopes. Direct space heating is not applicable in the mild tropical maritime climate of Mauritius where mean temperature is 24.7 o C in summer and 20.4 o C in winter. Relative humidity level is usually above 80%. [21] The increase in electricity consumption per customer over the period 2003 to 2012 had been above 30% in the industrial and commercial sectors. A lesser corresponding figure of 16% had been noted for the domestic sector, probably because of the disintegration of larger consumers as new small-size households were formed. [22] It is to be noted that the latter data include all uses of electricity; no specific study has been done thus far to detail the areas of consumption. However, as a rough estimate, air-conditioning is generally reckoned to account for between 30% and 50% of electricity consumption in buildings in Mauritius, the rest being mostly due to lighting, refrigeration, other electrical appliances and lifts where available. [23] Over the period 2003 to 2013, total electricity consumption in Mauritius had increased by more than 35%. In 2013, almost 80% of the grid electricity was derived from imported fossil fuels, mostly coal, compared to about 72% in 2003. [24] Maximum peak power demand had been consistently higher during summer by about 20% compared to the maximum peak power for the previous winter. According to the Energy Observatory, this was due to the massive use of air-conditioners in the country.
[25] In fact, using Genetic Algorithm, a very high correlation coefficient of 0.94 has been found relating monthly mean temperature to maximum power demand confirming the impact of high temperatures, hence air-conditioner use, on power demand. [26] 
Energy Management and Air Conditioning (AC)
The massive use of air-conditioning (AC) in Mauritius is a rather recent phenomenon. Before the nineties, AC was largely limited to industrial and commercial sectors. It was particularly applied for ensuring proper ambient air conditions for appliances and machinery, for example in the textile knitting and spinning or where computers were being used. No data is available for the growth of the number of AC units over the past decades. One study conducted in 2009 listed about 73 000 AC units in the three northern districts of the island of Mauritius where temperature is normally above the national average. [27] Another study totaled some 120 000 units for the whole country in 2011. That represented up to 250 MW of cumulative capacity of AC and at least 15 % of the total electricity consumption in the whole country. [28] Both studies stated that AC units were almost all of size less than 12 000 Btu/hr, of window or split type and to be found predominantly in the domestic sector. [29] Units in the industrial and commercial sectors should certainly to be of higher capacity being often of cassette or chiller type, but no complete information was available on same. Figures 1 and 2 show the import of AC units in Mauritius for the years 2011 and 2013. [30] The number of ACs in Mauritius has risen by more than 110 000 units over the last three years, i.e. by more than 90%. Excluding occasional peaks in the latter Figures referring to bulk importation for specific projects like the airport, hotels or shopping malls, there is a more significant demand for ACs in the summer months from October to March. It is to be noted also that more than 95% of AC units are imported from China. In Mauritius, it is only by end 2014 that energy efficiency standards are expected to become obligatory for air-conditioners. The alarming increase in AC usage in Mauritius is also due to higher temperature in different regions affected by heat-island effect. This phenomenon is aggravated with reduction in green cover of about 5% between 2003 and 2013 [31] , very high population density of 617 inhabitants per km 2 [32] , record arrival of one million tourists annually in a land area of only 2040 km 2 [33] , and rising vehicle population at a rate of 5 % annually to reach above 430 000 in 2013. [34] The latter impacts are not uniformly distributed over the country, or in time, but are exacerbated in particular hotspots like town centres, busy coastal areas or compact building blocks. During hot summer days, temperature in those places can rise by more than 10 o C above normal due to heat-island effect. The prevalence of high relative humidity, often above 80% and reaching close to 100% in some cases, adds to the discomfort even if the temperature is, for example, only 25 o C. The design and characteristics of many buildings do not allow use of natural ventilation to reduce discomfort.
Design factors and tools for decision-making
Integrating Energy Management in buildings in Mauritius is not yet a reality. Basic information is not always available related to climate, and even micro-climates, as well as to the energy efficiency characteristics of materials or technologies. Orientation of buildings with openings facing the South East to benefit from natural ventilation, planting of trees around the northern part of buildings, use of ecological materials like wood and bamboo, recourse to energy efficient technologies to reduce heat load as well as introduction of Building Energy Management systems have yet to become a reality. More specific tools are available in guidebooks and building codes being developed currently to promote best-practices. A return to traditional construction designs with verandas, cellars, attics and false ceilings will also lead to lower energy consumption. Figure 3 summarizes basic design parameters and tools that are proposed for consideration in decision-making in the local context. 
Institutional and regulatory support
In spite of the potential of local renewable energy sources, there is increasing consumption of coal and fuel oil to respond to the increasing demand in power to drive AC units through the national grid. A much vicious circle is thus set where AC ends up heating the surroundings in the long term even if it provides a temporary solution to high temperature and high humidity levels people suffer from. The intricate relationship between building energy consumption, sustainability and climate change has often been reported as being a matter of great concern. [37] The following measures have been proposed thus far:
In September 2012, a National Energy Efficiency Week was conducted in Mauritius with significant focus on ACs. A National Campaign is planned starting March 2014. [38] As part of the Building Control Act, an Energy Efficiency Regulation and an Energy Efficiency Code have now been drafted for non-residential and residential buildings of more than 500 m 2 . Its objective is to promote efficient use of ACs, if they cannot be avoided altogether. Similarly, guidelines have also been drawn for other categories of buildings, particularly new houses of less than 500 m 2 .
[9] Since January 2014, there is an additional 25% excise duty on AC units not satisfying a Minimum Performance Standard of Class D according to the EU Labeling Certification System. It is too early to evaluate the impact of such measure but it is worth noting that there was no import of ACs during the last 15 days of 2013 compared to a corresponding figure of 3000 units over the previous years during the same period. [40] In January 2014, a Voluntary Scheme was introduced for retailers to affix Energy Efficiency Labels on electrical appliances, including ACs. This measure is expected to become compulsory in December 2014. [41] Mandatory energy audits will have to be conducted among the large electricity consumers particularly those benefiting from concessionary tariffs in the industrial and commercial sectors. This will include the use of ACs. Different incentive schemes for energy audits are to be elaborated. [42] The National Energy Commission proposed a Peak-Power Watch programme with emphasis on ACs as a means to avoid peak demand record levels. [43] This has yet to be considered by the authorities.
In Mauritius, feed-in-tariffs have been introduced since 2011 and about 2 MW of renewable energy has now been installed in the form of photo-voltaic decentralized units of up to 50 kW. [44] In a few cases these serve to supply AC units. The use of solar Energy Efficiency Code [ 35] •Solar-factor wall < 9 % •Solar-factor roof < 3 % air-conditioning has been recommended in Mauritius with the advantage that during the day its supply matches the demand occurring normally during the hottest sunny periods. If such technology is made to replace conventional ACs, a cumulative saving of a least USD 200 million is expected, reducing peak demand by 234 MW and CO2 emissions by 524 000 tonnes by 2023 as shown in Figure 3 . [45] Already some progress is being made in replacing gas and electricity for water heating by solar thermal energy. The number of the latter heaters installed on buildings increased from 9% to 20% from 2009 to 2012 mainly as a result of a Government subsidy programme. [46] 
Natural Ventilation
The adoption of concrete as a construction material in Mauritius probably sprung from the fear of cyclones that marked the 1960-1990 period. However, there has been a significant decrease in the occurrence of cyclones with only one intense cyclone reported since 2000. [47] Given the prevailing meteorological conditions in Mauritius, coupled with the impacts of heat-island effect and climate change, the lack of comfort in concrete buildings related to a high temperature and relative humidity level has prompted people to turn to AC units. These are now widely available at prices as low as USD 200 for a 9000 Btu/hour appliance. Alternative solutions are ignored at a high cost to consumers: the modal electricity bill in Mauritius being twice more for households having AC units. [48] Through proper Energy Management policies, strategies, priorities and actions, ACs can be avoided in most cases where they are currently being applied in Mauritius. [49] Institutional and regulatory reforms are needed to ultimately lead to minimal heat gain, reducing cooling load and proper choice of materials in buildings. This is applicable through legislation to large buildings of more than 500 m 2 while smaller ones have to be incentivized to take similar actions. [50] One cooling technique which is highly ignored, here as in many parts of the world, is natural ventilation. This is particularly useful as the temperature levels in Mauritius are usually less than 30 o C, even during summer, and the discomfort to people is mostly due to high relative humidity level of 80% or more. Appendix A illustrates the pertinence of natural ventilation as a cooling strategy for the Mauritian context based on local meteorological data.
Natural ventilation used to be much more applied one century ago. [51] Building orientation, shading devices, selecting other materials than concrete and window sizing were inherent characteristics of traditional Creole, Colonial and Rural Hut construction in Mauritius as illustrated in Appendix B, with natural ventilation playing a prominent role.
However, natural ventilation in modern buildings may suffer from the lack of standards supporting planners in design. [52] The absence of accurate local bio-microclimatic data is another possible constraint. [53] Case studies for determining the cooling strategy for different cases in Mauritius based on relevant site-specific average yearly meteorological data will confirm if natural ventilation alone is indeed sufficient to achieve comfort conditions. Mechanical ventilation may be a required addition in some cases. [54] The literature abounds of proven examples of energy saving as a result of natural ventilation: 30% in electricity consumption and 40 % in capacity in UK, 40 % in demand in Belgium, 17% in Japan [55] . These benefits are achievable even if limited AC or mechanical systems of cooling are still needed. In Mauritius, as in many SIDS, natural ventilation may be applicable only during day-time in most cases. Night natural ventilation may not be always possible as there may be land breezes and also there may be mosquito prevalence.
Discussion
Mosquito as a vector for diseases is just one of the factors that may require consideration as a consequence of climate change. Resistances to sea-level rise and flash floods as well as to cyclones, less probable but possibly more violent events, are other climate-change related factors. Social issues may also have be integrated in project development, for example the need for renovation and restoration. [56] In this context, the holistic concept of Energy Management is most relevant. It indeed refers to "a systematic ( and systemic ) endeavor through engineering and management techniques to optimize energy use for specific political, economic and/or environmental reasons". [57] A similar definition is provided by Warren for Demand Side Management (DSM), who concluded that without regulatory and financial support, DSM measures would be less effective. [58] Ultimately, there is a need for an ethics of sustainability based on harmonious interdisciplinary interactions, a systemic or holistic integration of the latter factors. [59] At the root of such ethics lies the "behavior" of energy users, a much-neglected determinant which is highly complex, dynamic and shaped by many factors. [60] Thus, even if DSM may have a high potential in buildings and represents the best course for climate change mitigation in Mauritius, as elsewhere, [61] there is a need to fully integrate Energy, Engineering, Economic, Environmental and Ethical dimensions to achieve desired outcomes. [62] Invariably, energy efficiency indicators, including sustainability criteria, need to be defined. However, climate change impacts cannot be considered in isolation: multicriteria analysis along social, economic and environmental parameters is essential. Particular emphasis is needed on identifying obstacles, conditions and solutions specifically adaptable to small-island developing states. This approach is summarized in Appendix C illustrating the E5 dimensions of EM in buildings with emphasis on natural ventilation as an alternative to AC.
Conclusion
The threat of climate change should not be the only reason why SIDS need special attention. Other development challenges have to be addressed simultaneously. Focusing on the holistic attainment sustainability as an ethical goal allows also the elaboration of "minimum regret" measures, that is, those that provide benefits beyond the scope of climate change action. It opens the way to a new way of living and developing SIDS, whether there is climate change or not.
Similarly, the challenges faced by SIDS, exacerbated by heat-island effect, is also similar to that faced by the growing world population settling down close to coastal areas as a result of urbanisation of the major world cities. Addressing high temperatures and relative humidity in buildings by having recourse to AC is not a sustainable solution, particularly where electricity is derived from fossil fuels.
The example of Mauritius shows that institutional and regulatory reforms are essential to promote Energy Management programmes in buildings. However, change cannot happen overnight, particularly with the need to address administrative and technical obstacles. Some of the latter issues are very specific to SIDS but the "smallness" of the economies and societies involved here can be turned into an advantage making transformation easier. In all event, a holistic approach is needed extending beyond climate change to integrate all relevant criteria specific to a given context. Education, sensitization and training remain high priorities irrespective of the gamut of "carrots and sticks" adopted. Building evaluation studies with occupants' feedback are also necessary.
The example of massive, if not abusive, usage of AC in the Mauritian context, with profound implications on energy demand and policy, shows that we ultimately reap what we sow. It is possible to shape and control the future energy consumption in buildings if political will is combined with coherent actions towards the promotion of sustainability. Business-as-usual is unethical as it implies engaging ourselves on a short-term vision without respecting any limit, detrimental to our common good and to our environment.
Integrating the process of Energy Management in our lifestyle and mindset, irrespective of climate change or the specificity of SIDS, goes a long way towards making sustainability a reality. The holistic nature of Energy Management, englobing both technical and management aspects, is another key consideration. As it is often simply put, "Energy Management is 20% about technology, but 80% about attitude". The example of AC in buildings in Mauritius highlights that technology and attitude are indeed intrinsically linked. The potential of natural ventilation as an alternative to AC offers the promise of tackling the climate change challenge through the art and science of Energy Management. 
